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SYSTEMS AND METHODS FOR
IDENTIFYING DIFFERENT TYPES OF
TRACTION MOTORS IN A VEHICLE
SYSTEM

BACKGROUND

Embodiments of the subject matter described herein relate
to systems and methods for determining operating parameters
for traction motors in a vehicle system.

At least some known vehicle systems have propulsion sys-
tems that include multiple traction motors. The traction
motors are operated as a group to collectively propel the
vehicle system along a route. For instance, various propulsion
systems have been developed for locomotives. In one type of
propulsion system, the fraction motors are individually con-
trolled to propel the locomotive along the designated route.
Each of the traction motors may be energized by a separate
inverter that is individually controlled to adjust an excitation
frequency of the respective traction motor. The excitation
frequency controls the rotation of the traction motor, which
drives a corresponding axle that is coupled to a wheel of the
locomotive. Although each of the traction motors can be
controlled individually, the propulsion system coordinates
operation of the traction motors to achieve a total tractive
effort for the locomotive. This type of propulsion system may
be referred to as a “per-axle” system, because each axle is
driven by an individually-controlled traction motor.

In another type of propulsion system, a set of traction
motors are supported by a common truck. The traction motors
of'the truck may be in parallel or in series and energized by a
common inverter. As such, each of the traction motors
receives the same excitation frequency from the inverter.
Assuming that each of the traction motors is of the same
motor type (e.g., designed to provide the same motor perfor-
mance) and the wheel diameters are equal, the traction motors
supply an equal amount of tractive effort because the traction
motors receive the same excitation frequency. Locomotives
having this type of propulsion system typically include two
trucks. This type of propulsion system is referred to as a
“per-truck” system, because the multiple traction motors of
the truck are controlled by a single inverter.

In many cases, the traction motors for one type of propul-
sion system are designed to provide a designated motor per-
formance, which may differ from the motor performances of
other propulsion systems. By way of example, in per-truck
systems, it is generally desirable to have traction motors with
high resistance rotors. The overall performance of a per-truck
system can be sensitive to differences in wheel diameters.
Although the traction motors receive the same excitation
frequency, the traction motors will provide different amounts
of'torque if the wheel diameters of the wheels that are coupled
to the traction motors are unequal. This may lead to undesir-
able motor heating, motor losses, and/or reduced perfor-
mance. Traction motors having high resistance rotors are used
in per-truck systems because such traction motors reduce the
sensitivity of the propulsion system to unequal wheel diam-
eters. Although per-axle systems may also have wheels with
different diameters, the per-axle systems are capable of indi-
vidually controlling the axles to reduce the negative effects of
the unequal wheel diameters. With the sensitivity to unequal
wheel diameters being less of a concern, traction motors in
per-axle systems are permitted to use low resistance rotors,
which can be more efficient than high resistance rotors.

In the past, railroads typically used locomotives having the
same type of propulsion system and, consequently, the same
type of traction motor. Recently, however, railroads have
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2

begun to use different types of propulsion systems. During
the lifetime operation of a locomotive, the traction motors of
the propulsion system may be replaced. It may be possible
that the traction motor configured for one type of propulsion
system will be installed into a propulsion system of another
type. If this occurs, it may not be readily apparent to the
operator or the control system of the locomotive that the
traction motor is unsuitable. Nevertheless, continued opera-
tion of the locomotive with the improper fraction motor may
compromise the overall performance of the propulsion sys-
tem, increase a likelihood of motor failure, or cause other
unwanted effects to the fraction motor or the propulsion sys-
tem.

BRIEF DESCRIPTION

In an embodiment, a control system is provided that
includes a measurement module configured to receive motor
measurements that represent operating parameters of plural
traction motors of a common vehicle system as the vehicle
system propels along a route. The traction motors may be
energized by a common power source and be electrically
parallel with respect to one another. The control system also
includes an analysis module configured to compare the motor
measurements to an expected measurement. The expected
measurement corresponds to a designated motor type. The
analysis module is configured to determine that at least one of
the traction motors is different from the designated motor
type based on comparing the motor measurements to the
expected measurement.

In an embodiment, a method is provided that includes
controlling plural traction motors of a vehicle system to pro-
pel the vehicle system along a route. The traction motors may
be energized by a common power source and be electrically
parallel with respect to one another. The method also includes
receiving motor measurements that represent operating
parameters of the traction motors as the vehicle system pro-
pels along the route. The method also includes comparing the
motor measurements to an expected measurement. The
expected measurement corresponds to a designated motor
type. The method also includes determining that at least one
of the traction motors is different from the designated motor
type based on comparing the motor measurements to the
expected measurement.

In an embodiment, a control system is provided that
includes a measurement module configured to receive motor
measurements that represent operating parameters in plural
traction motors of a common vehicle system as the vehicle
system propels along a route. The traction motors may be
energized by a common power source and be electrically
parallel with respect to one another. The control system also
includes an analysis module that is configured to compare the
motor measurements to one another. The analysis module is
configured to determine that the traction motors include dif-
ferent motor types based on comparing the motor measure-
ments to one another.

In an embodiment, a method is provided that includes
controlling plural traction motors of a vehicle system to pro-
pel the vehicle system along a route. The traction motors may
be energized by a common power source and be electrically
parallel with respect to one another. The method also includes
receiving motor measurements that represent operating
parameters of the traction motors as the vehicle system pro-
pels along the route. The method also includes comparing the
motor measurements to one another to determine whether the
traction motors include different motor types.
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In an embodiment, a control system is provided that
includes a measurement module configured to receive motor
measurements that represent operating parameters in plural
traction motors of a common vehicle system as the vehicle
system propels along a route. The traction motors may be
energized by a common power source and be electrically
parallel with respect to one another. The control system also
includes an analysis module configured to calculate a perfor-
mance relationship of'the operating parameters for each of the
traction motors based on the motor measurements. The analy-
sis module is configured to determine that the traction motors
include different motor types based on the performance rela-
tionships for each of the traction motors.

In an embodiment, a method is provided that includes
controlling plural traction motors of a vehicle system to pro-
pel the vehicle system along a route. The traction motors
include different motor types. The method also includes
receiving motor measurements that represent operating
parameters of the traction motors as the vehicle system pro-
pels along a route and calculating a performance relationship
of the operating parameters for each of the traction motors
based on the motor measurements. The method also includes
determining that the traction motors include the motor types
are different based on the performance relationships for each
of the traction motors.

In various aspects, in response to determining that the
motor types of the traction motors are different or that at least
one of the traction motors is different from a designated motor
type, the systems and methods set forth herein may be con-
figured to at least one of (a) notify an operator of the vehicle
system of the at least one different motor type; (b) notity a
remote monitoring station of the at least one different motor
type; (c) reduce tractive efforts of the at least one different
motor type; or (d) instruct a planning module to modify a
current operating plan of the vehicle system based on the at
least one different motor type.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of an embodiment of a
vehicle system traveling along a route.

FIG. 2 is a schematic diagram of a propulsion-generating
vehicle that may be used with the vehicle system of FIG. 1.

FIG. 3 illustrates torque-speed relationships for different
types of traction motors in accordance with an embodiment.

FIG. 4 illustrates current-speed relationships for different
types of traction motors in accordance with an embodiment.

FIG. 5 illustrates torque-speed relationships for different
types of traction motors that are controlled by a common
inverter in accordance with an embodiment.

FIG. 6 illustrates current-speed relationships for different
types of traction motors that are controlled by a common
inverter in accordance with an embodiment.

FIG. 7 illustrates torque-speed relationships for different
types of traction motors that are individually controlled by
separate inverters in accordance with an embodiment.

FIG. 8 illustrates current-speed relationships for different
types of traction motors that are individually controlled by
separate inverters in accordance with an embodiment.

FIG. 9 is a flowchart illustrating a method in accordance
with an embodiment.

DETAILED DESCRIPTION

Embodiments of the inventive subject matter described
herein include methods and systems for determining that one
or more fraction motors of a vehicle system are unsuitable for
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the desired operation of the vehicle system or are not the same
type as the other traction motors. Such vehicle systems may
include at least one propulsion-generating vehicle having
plural fraction motors for generating tractive efforts of the
vehicle system. In some cases, traction motors may also be
used as generators during braking efforts. During operation of
the vehicle system, motor measurements may be obtained
that represent operating parameters of the traction motors.
The operating parameters relate to motor performance. Non-
limiting examples of operating parameters for a traction
motor that may be utilized by embodiments described herein
include a motor speed (e.g., rotation rate of the rotor of the
traction motor), a motor slip, a wheel speed, a wheel creep, an
excitation frequency of the current that is supplied to the
traction motor, a voltage supplied to the traction motor, a
current supplied to the fraction motor, a motor current within
arotor of the traction motor (e.g., induced current), a torque of
the traction motor, a horsepower of the traction motor, diam-
eters of the axles or wheels coupled to the traction motor, an
impedance of the traction motor, and a reactance of the trac-
tion motor.

The motor measurements may be values of the operating
parameters and may be detected directly from the vehicle
system or calculated based on other measurements. For
example, torque and horsepower may be calculated in differ-
ent manners from a variety of measurements. The motor
measurements associated with a first traction motor may also
be detected by deactivating the first traction motor and mea-
suring a change in performance by other traction motors of
the vehicle system. The change in performance of the other
traction motors may be indicative of the motor performance
of the first traction motor.

Based on these motor measurements, systems and methods
set forth herein may determine that one or more of the traction
motors is improper or incorrect for the desired operation of
the vehicle system or that a group of traction motors are
mismatched. Embodiments may make this determination by
comparing the motor measurements to one or more expected
measurements or metrics. The motor measurements that the
determination is based on may be a single type of motor
measurement (e.g., excitation frequency) or multiple types of
motor measurements (e.g., excitation frequency and torque).
It is understood that a variety of types of measurements may
be used, such as power measurements, heat measurements,
tractive effort measurements, voltage and current measure-
ments, acceleration versus effort measurements, and the like.

The expected measurements or metrics may correspond to
adesignated motor type. More specifically, the expected mea-
surement may represent the motor measurement that should
be received if the motor-of-interest (e.g., one or more of the
traction motors of the vehicle system) was of the designated
motor type. The expected measurement may be a function of
the operating conditions that the traction motors are currently
operating within. For instance, the expected measurement
may be a function of at least one of the excitation frequency,
load of the vehicle system, an apportioned load for the motor-
of-interest, operating temperature of the traction motor, other
operating parameters described herein, or external factors,
such as weather conditions or a friction coefficient of the
route. The expected measurement may be a range of values, a
baseline value, or a threshold value. In some cases, the
expected measurement or metric may be a performance rela-
tionship (e.g., function) of multiple operating parameters. For
example, a relationship between motor speed and torque or
between motor speed and current may be determined. In such
instances, the expected metric may be a shape that corre-
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sponds to a portion of a relationship curve between the oper-
ating parameters, which is described in greater detail below.

Embodiments may also determine that one or more of the
traction motors is unsuitable or does not match the other
traction motors by comparing the motor measurements of one
traction motor to the motor measurements of the other trac-
tion motors. As a specific example, traction motors on a
common truck or propulsion-generating vehicle may be ener-
gized by a common power source (e.g., inverter) and receive
the same excitation frequency. In this case, the motor mea-
surements may be expected to be approximately equal to each
other. After comparing the motor measurements of the difter-
ent traction motors, it may be determined that one of the
traction motors is operating in a significantly different man-
ner such that there is a high confidence that the traction motor
is a different type of motor than the other traction motors. For
instance, traction motors of the same type may have motor
measurements that are within a designated range or percent-
age of each other.

Traction motors that have unexpected motor measure-
ments may be identified as unsuitable traction motors for the
designated operation. In some embodiments, traction motors
may be identified or labeled as being mismatched. For
example, if one or more of the motor types of the traction
motors is incorrect or is not the expected motor type, the
traction motors may be mismatched. In response to detecting
the unsuitable or mismatched traction motor(s), embodi-
ments may, for example, modify operation of the vehicle
system, generate a plan for having the unsuitable traction
motor replaced, and/or notify an operator or control system so
that the operator or control system is aware or so that the
operator or control system initiates a designated action for
addressing the unsuitable motor(s). In some embodiments,
operation of the vehicle system may be modified by cutting
out or disconnecting the unsuitable fraction motor (e.g., dis-
connecting contactors that supply power to the traction
motors). The operation may also be modified by reducing
operation of the unsuitable traction motor (e.g., reducing
torque and/or motor speed). Operation of the vehicle system
may also be modified by changing an operating point, such as
decreasing or increasing flux.

In some embodiments, one or more of the propulsion-
generating vehicles may include powered wheelsets. Each of
the wheelsets may have a wheel that is coupled to an axle that
is driven by a traction motor. Propulsion systems (or the
corresponding propulsion-generating vehicle) that have mul-
tiple wheelsets controlled by a common inverter may be
referred to as per-truck systems (or per-truck vehicles). Pro-
pulsion systems (or the corresponding propulsion-generating
vehicle) that have multiple wheelsets in which each wheelset
is controlled by a separate inverter may be referred to as
per-axle systems (or per-axle vehicles).

Propulsion systems may be configured to operate with a
designated type of traction motor. Traction motors of a par-
ticular motor type may be configured to have designated
motor characteristics. More specifically, the various compo-
nents of the traction motors, such as the structure of the stator,
rotor, and windings, may be designed to achieve a designated
performance. A composition of the stator, rotor, and wind-
ings, such as a ratio of copper to iron, may also be configured
to achieve a designated performance.

In certain embodiments, the traction motors of different
types may have different performance relationships among
the operating parameters. In some embodiments, the different
performance relationships may be identified upon analysis of
the traction motors during operation. For instance, different
motor types may have different torque-speed functions, cur-
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rent-speed functions, torque-slip functions, current-slip func-
tions, and the like. Each of these functions may have identi-
fiable features or portions that are indicative of the motor
type. As a specific example, the above functions may be
substantially linear when the motor speed is proximate to the
synchronous speed of the traction motor. The slope of these
linear portions, however, may differ based on the motor type.

Although traction motors of the same type may have varia-
tions in performance due to manufacturing tolerances and
operational wear of the traction motors, such variations may
be insubstantial compared to the differences in performance
of different types of traction motors. For instance, traction
motors may be designed to provide a designated motor speed
as a function of expected load or motor slip or may be
designed to provide a designated starting torque, pull-up
torque, breakdown torque, or full-load torque. As such, trac-
tion motors of a motor type that is designed for particular
applications may provide measurements or have performance
relationships that distinguish this motor type from other
motor types. By way of example, locomotives that frequently
travel along steep routes may have traction motors that are
configured differently than locomotives that frequently travel
along flat routes. Locomotives configured to carry large loads
(e.g., coal) may be configured for high-weight, low-speed
applications. Locomotives configured for lighter loads (e.g.,
passengers) may be configured for low-weight, high-speed
applications.

As another example, per-axle systems may be configured
to have traction motors with low resistance rotors and per-
truck systems may be configured to have high resistance
rotors. Per-axle vehicles include the AC Series and Evolution
Series developed by General Electric. Per-truck vehicles
include the Electro-Motive Diesel (EMD) developed by Gen-
eral Motors. Embodiments set forth herein may be configured
to identify fraction motors having low resistance rotors
among fraction motors having high resistance rotors and vice
versa. For example, a torque-slip characteristic may be cal-
culated for each traction motor during operation of a vehicle
system. The traction motor(s) configured for per-axle systems
will have a different torque-slip characteristic for the traction
motor(s) configured for per-truck systems.

A vehicle system may include multiple propulsion-gener-
ating vehicles. In such instances, the multiple propulsion-
generating vehicles may be arranged to form a single vehicle
consist or a plurality of vehicle consists. In some embodi-
ments, the propulsion-generating vehicles of a single vehicle
consist are configured to communicate with each other to
coordinate tractive efforts and/or braking efforts. Vehicle sys-
tems may also include multiple vehicle consists. In some
cases, the vehicle consists may communicate with one
another. As one specific example, a train may include first,
second, and third locomotive consists, wherein each of the
locomotive consists includes two locomotives. The locomo-
tive consists may receive instructions from a control system
for controlling operations of the two locomotives.

In some embodiments, the motor measurements are
acquired during normal operation of the vehicle system. For
example, the motor measurements may be acquired without
deviating from an operating plan or without deviating from
inputs or instructions from an operator (e.g., engineer). An
operating plan, which may also be referred to as a trip plan or
mission plan, may include instructions for controlling the
propulsion-generating vehicles to provide designated tractive
efforts and/or designated braking efforts for predetermined
portions of a trip. The instructions may be expressed as a
function of time and/or distance of a trip along a route. In
some embodiments, upon detecting that the traction motors
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are mismatched or that one or more fraction motors are
unsuitable for the desired operation, the systems and methods
described herein may modify the operating plan based on the
unsuitable traction motor. For example, the operating plan
may instruct the propulsion system that includes the unsuit-
able fraction motor to reduce tractive efforts by half.

FIG. 1 is a schematic diagram of a vehicle system 100
formed in accordance with an embodiment. In the illustrated
embodiment, the vehicle system 100 is a rail vehicle system.
While the description herein refers specifically to rail
vehicles, such as locomotives, not all embodiments are so
limited. The inventive subject matter described herein may be
used in connection with one or more other vehicles or vehicle
systems, such as automobiles for traveling along roads, off-
highway vehicles, construction or farming equipment, and
marine vessels.

As shown, the vehicle system 100 is traveling along a
portion of a route or track 102. The vehicle system 100
includes a plurality of discrete vehicles. As used herein, “dis-
crete” vehicles are separate and distinct vehicles that are
capable of being removably coupled to and part of a larger
vehicle system. The vehicle system 100 may be a rail vehicle
system that includes at least one propulsion-generating
vehicle (e.g., locomotive) and, optionally, at least one non-
powered vehicle (e.g., rail car or passenger car) that are linked
to one another.

In the illustrated embodiment, the vehicle system 100
includes propulsion-generating vehicles 104 and 105 and
non-powered vehicles 106 and 107 that are mechanically
linked to one another and are configured to travel as a group
along the track 102. The terms “powered” or “propulsion-
generating” refer to the capability of a vehicle to propel itself
and not whether the vehicle receives or generates energy for
one or more other purposes. For example, the non-powered
vehicles 106, 107 may receive electric current to power one or
more loads disposed onboard the non-powered vehicles 106,
107 (e.g., air conditioning, lighting, etc.).

In FIG. 1, the propulsion-generating vehicle 104 may be
considered a principal or lead vehicle of a vehicle consist 110,
and the propulsion-generating vehicle 105 may be considered
a remote vehicle of the vehicle consist 110. A propulsion-
generating vehicle that controls one or more other propul-
sion-generating vehicles may be referred to as the “principal”
or “lead” propulsion-generating vehicle, and propulsion-gen-
erating vehicles that are controlled by another propulsion-
generating vehicle may be referred to as the “remote” propul-
sion-generating  vehicles. The principal propulsion-
generating vehicle may or may not lead other vehicles along
the route. The plurality of propulsion-generating vehicles
104, 105 in the single vehicle consist 110 are configured to
operate as a single moving apparatus. For example, the mul-
tiple propulsion-generating vehicles 104, 105 may coordinate
tractive efforts and/or braking efforts to propel the vehicle
system 100 along the track 102.

A vehicle system may be or include a single vehicle consist
or include a plurality of vehicle consists that are directly or
indirectly coupled to another. For example, the vehicle sys-
tem 100 includes a second vehicle consist 111 that is coupled
to the vehicle consist 110. When a vehicle system includes
multiple vehicle consists, the vehicle consists may be referred
to as sub-consists. If the vehicle system includes multiple
vehicle consists, the vehicle consists may be configured to
operate as a single moving apparatus. For example, the mul-
tiple vehicle sub-consists may be controlled by a master com-
puting system that coordinates tractive and/or braking efforts
among the sub-consists to control operation of the vehicle
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system as a whole. The master control system may also be
configured to acquire motor measurements as described
herein.

Also shown in FIG. 1, the vehicle system 100 may com-
municate with an off-board control system 116 that can be
disposed off-board (e.g., outside) of the vehicle system 100.
For example, the control system 116 may be disposed at a
central dispatch office 115 for a railroad company. The con-
trol system 116 can generate and communicate various oper-
ating plans and/or communicate information regarding track
conditions. The control system 116 may also include one or
more modules for receiving and analyzing the motor mea-
surements acquired by the vehicle system 100. The control
system 116 can include a wireless antenna 118 (and associ-
ated transceiving equipment), such as a radio frequency (RF)
or cellular antenna, that wirelessly transmits signals to the
vehicle system 100. The vehicle system 100 may also include
a wireless antenna 120 (and associated transceiving equip-
ment). In some embodiments, the control system 116 may be
configured to determine that one or more traction motors are
unsuitable for the desired operation of the vehicle system 100
or that the traction motors are mismatched. For example, the
control system 116 may include similar modules as the con-
trol system 206 (shown in FIG. 2) described below.

FIG. 2 is a schematic diagram of a propulsion-generating
vehicle 200, which may be part of a rail vehicle system 200,
such as the vehicle system 100 (FIG. 1). The propulsion-
generating vehicle 200 may constitute or be part of a vehicle
consist that may or may not be coupled with other vehicle
consist(s) (not shown) in the rail vehicle system. As shown,
the propulsion-generating vehicle 200 includes a control sys-
tem 206 that is configured to control operation of the propul-
sion-generating vehicle 200 and, optionally, other propul-
sion-generating vehicles of the vehicle system that includes
the propulsion-generating vehicle 200. Alternatively, the con-
trol system 206 may be distributed between the propulsion-
generating vehicles. For embodiments that include multiple
vehicle consists, the control system 206 may be configured to
control operation of other vehicle consists.

The propulsion system 220 can include a variable speed
prime mover or engine 224 that is mechanically coupled to a
rotor of a dynamo electric machine. In the illustrated embodi-
ment, the dynamo electric machine is an alternator 226 and, in
particular, a 3-phase alternating current (AC) synchronous
alternator. The 3-phase voltages generated by the alternator
226 are supplied to input terminals of a power rectifier bridge
228. The rectifier bridge 228 may transform or modify the AC
power from the alternator 226 into direct current (DC) power.
The power rectifier bridge 228 has output terminals that sup-
ply the DC power to a DC link or bus 230. Although the
propulsion system 220 is described as being an AC-type pro-
pulsion system that is powered by diesel, it is understood that
embodiments set forth herein may also be implemented with
propulsion systems that are at least partially powered by
electricity (e.g., batteries, catenary system, and the like).

As shown, the DC link 230 is electrically connected to
inverters 232, 234. The inverters 232, 234 are configured to
convert (e.g., invert) the DC power into AC power at a con-
trolled frequency for powering traction motors 241-244. The
inverters 232, 234 may employ high power gate turn-off
devices which switch in and out of conduction in response to
gating signals from the control system 206 (or the vehicle-
control module 210) so as to invert the DC voltage on the DC
link 230 to a controlled frequency AC voltage.

The traction motors 241, 242 are electrically connected to
and powered by the inverter 232, and the traction motors 243,
244 are electrically connected to and powered by the inverter
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234. The traction motors 241, 242 are electrically parallel to
each other, and the traction motors 243, 244 are electrically
parallel to each other. Electrically parallel traction motors
may receive the same excitation frequency from the corre-
sponding inverter. In alternative embodiments, the traction
motors 241, 242 and/or the traction motors 243, 244 may be
in series. Other embodiments may include a combination of
traction motors that are in series and in parallel. In some
embodiments, the traction motors 241-244 are adjustable
speed AC traction motors (e.g., induction motors). Also
shown, the motors 241-244 are operably coupled to axles
251-254, respectively, that are each coupled to wheels 271-
274. The motors 241-244, the axles 251-254, and the wheels
271-274 may constitute respective axle wheelsets 261-264.
For example, the traction motor 241, the axle 251, and a pair
of wheels 271 may constitute the wheelset 261, which is
configured to generate a tractive effort for propelling the
propulsion-generating vehicle 200 and, hence, the rail vehicle
system 200. Each of the axle wheelsets 261-264 may be
selectively controlled the control system 206 to provide a
designated tractive effort or braking effort.

In the illustrated embodiment, the propulsion system 220 is
a per-truck system having two separate trucks 216, 218. For
example, each of the inverters 232, 234 controls a pair of
traction motors that are electrically parallel. In other embodi-
ments, the inverters 232, 234 may control more than two
traction motors (e.g., three or four). The inverter 232 and the
traction motors 241, 242 may be part of or constitute a first
truck 216. The inverter 234 and the fraction motors 243, 244
may be part of or constitute a second truck 218. Each of the
trucks 216, 218 may be secured to a frame of the propulsion-
generating vehicle 200.

In other embodiments, the propulsion system 220 may be a
per-axle system in which each of the traction motors 241-244
is controlled by a single inverter that is configured to exclu-
sively control the respective traction motor. Such embodi-
ments may enable individual control of the traction motors.

Although the illustrated embodiment shows a 4-axle pro-
pulsion system, it is understood that the inventive subject
matter described herein is not limited to 4-axle systems and is
equally applicable to other systems. For example, the propul-
sion system 220 may be a 6-axle locomotive with two invert-
ers that are each connected for powering three traction
motors. Alternatively, the propulsion system 220 may be a
6-axle locomotive with six inverters each connected for pow-
ering a respective one of six traction motors.

In the illustrated embodiment, the propulsion-generating
vehicle 200 and an adjacent rail vehicle 204 are directly
connected by a mechanical coupler 266. The rail vehicle 204
may be another propulsion-generating vehicle or may be a
non-powered vehicle. The mechanical coupler 266 may allow
some tolerance or slack such that the propulsion-generating
vehicle 200 and the rail vehicle 204 are permitted to move a
limited distance toward each other or away from each other.
The coupler 266 may permit a communication cable 265 to
extend between and communicatively couple the vehicles
200, 204.

The rail vehicle system 200 travels along a route 208, such
as atrack having one or morerails. The propulsion-generating
vehicle 200 facilitates driving the vehicle system 200 using
the wheelsets of the vehicle. For example, the fraction motors
241-244 deliver torque to the wheels 271-274, which exert
tangential force (e.g., tractive effort) along the route 208,
thereby propelling the rail vehicle system 200 along the route
208. The tractive effort developed at each wheel of the pro-
pulsion-generating vehicle 200 is proportional to a normal
force 280 acting on the respective wheel.
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For a dynamic braking mode, the traction motors 241-244
are reconfigured (via power switching devices (not shown))
so that the fraction motors 241-244 operate as generators. So
configured, the traction motors 241-244 generate electric
energy which has the eftect of slowing the propulsion-gener-
ating vehicle 200. In some cases, energy generated in a
dynamic braking mode may be transferred to resistance grids
(not shown) that are coupled to the propulsion-generating
vehicle 200. The dynamic braking energy may be converted
to heat and dissipated from the propulsion-generating vehicle
200 through the grids. In other embodiments, the dynamic
braking energy may be stored (e.g., batteries) by the propul-
sion-generating vehicle 200.

Also shown in FIG. 2, the rail vehicle system 200 may
include a number of detection devices 291-295. The detection
devices 291-295 of the control system 206 may be located at
various points in the propulsion-generating system 200. For
example, the detection devices 293, 294 are coupled to the
inverters 232, 234, respectively. The detection devices 291,
292 are coupled to each of the traction motors 241-244. The
detection devices 291-295 are configured to monitor one or
more operating parameters of the traction motors 241-245.
More specifically, the detection devices 291-295 may obtain
measurements relating to the operating parameters to deter-
mine a performance relationship of the fraction motors 241-
245. In some embodiments, the detection devices 291-295 are
configured to detect a motor measurement or other measure-
ments that may be used to calculate a motor measurement.
Motor measurements may include excitation frequency ofthe
current, a supply voltage, a motor current (e.g., induced cur-
rent), a torque or horsepower, a motor speed or rotation rate of
the rotor, axle or wheel diameters of the traction motor, a
motor slip, impedance of the traction motor, or reactance of
the traction motor. In some embodiments, the detection
devices 291-295 may also be configured to detect torsional
vibrations, vehicle speed (e.g., ground speed), wheel strain,
axle strain, or dog-bone strain.

The detection device 295 may be operably connected to the
mechanical coupler 266 and configured to detect stresses or
forces sustained at the mechanical coupler 266. In some
embodiments, the data obtained by the detection device 295
may be used to calculate the measurements used to determine
torque or horsepower. In some embodiments, the detection
devices may include a radar system (e.g., Doppler radar gun
or other type of radar system) or a Global Positioning System
(GPS) system that is used to obtain the data representative of
the speed at which the propulsion-generating vehicle 200
moves along the route 208.

The control system 206 is configured to control at least
some operations of the propulsion-generating vehicle 200. In
some embodiments, the control system 206 may also control
operations of other vehicles. For instance, the control system
206 may be a master control system configured to control
operation of multiple vehicles within a consist or to control
operation of multiple consists. As shown, the control system
206 includes a plurality of modules 281-284. The control
system 206 and the corresponding modules 281-284 may be
controllers, processors, or other logic-based devices that per-
form operations based on one or more sets of instructions
(e.g., software). In some cases, the different modules of the
control system 206 are part of the same logic-based device or,
alternatively, are distributed within multiple logic-based
devices. The instructions on which the control system 206
operates may be stored on a tangible and non-transitory (e.g.,
not a transient signal) computer readable storage medium,
such as a memory. The memory may include one or more
computer hard drives, flash drives, RAM, ROM, EEPROM,
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and the like. Alternatively, one or more of the sets of instruc-
tions that direct operations of the control system 206 may be
hard-wired into the logic of the control system 206, such as by
being hard-wired logic formed in the hardware of the control
system 206.

The vehicle-control module 281 is configured to control
tractive and/or braking operations of the propulsion-generat-
ing vehicle 200. To this end, the vehicle-control module 281
is configured to communicate with a propulsion system 220
and a braking system (not shown). The vehicle-control mod-
ule 281 may instruct (e.g., communicate signals to one or
more components of the propulsion system 220) to increase
or decrease power, tractive effort, etc. For example, the
instructions may be in accordance with one or more operating
plans that designate tractive operations (e.g., notch or throttle
settings) and braking operations to be implemented by the
propulsion-generating vehicle 200. In an embodiment, the
vehicle-control module 281 may autonomously control
operations of the propulsion-generating vehicle 200 accord-
ing to the operating plan.

The measurement module 282 is configured to receive the
motor measurements or other data that represent operating
parameters of the traction motors 241-244 as the vehicle 200
travels along the route 208. In some embodiments, the mea-
surement module 282 may analyze the measurements
received from detection devices, such as the detection devices
291-295, and/or data to determine that the measurements or
data is sufficient or trustworthy. The measurement module
212 may package the measurement or data in predetermined
format so that the control system 206 and other modules
282-284 may recognize the measurements. In some cases, the
measurement module 212 may execute preliminary process-
ing steps. For example, the measurement module 212 may
obtain data from the detection devices 291-295 and calculate
the motor measurements that will be used to determine
whether the traction motors are suitable or whether the trac-
tion motors are mismatched.

In some cases, the measurement module 212 may desig-
nate the data or motor measurements as operating conditions.
The operating conditions may be used to identify an expected
measurement for comparing to the motor measurements. For
example, the operating conditions may be an excitation fre-
quency and a load of the propulsion-generating vehicle 200.
With this information, the measurement module 212 may use
one or more databases or functions to identify an expected
measurement of a designated motor type or types. In some
embodiments, the measurement module 212 may also be
configured to calculate a performance relationship among
different operating parameters. The performance relation-
ships may be functions that represent a relationship between
different operating parameters, such as motor speed, motor
current, motor slip, torque, or horsepower. Such performance
relationships are illustrated in FIGS. 3-8.

In some embodiments, the measurement module 212 may
communicate the measurements or data relating to the mea-
surements to a transmitter 296. The transmitter 296 may be
configured to communicate the motor measurements and/or
the operating conditions to, for example, the control system
116. As described herein, the control system 116 may be
configured to perform the same operations as the control
system 206 for determining whether the traction motors are
not suitable or are mismatched.

The analysis module 283 is configured to analyze the
motor measurements to determine whether one or more of the
traction motors is not suitable for the propulsion-generating
vehicle 200 or for the vehicle system that includes the pro-
pulsion-generating vehicle 200. For example, the analysis
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module 283 may compare the motor measurements to an
expected measurement, may compare the motor measure-
ments of the different traction motors, or may compare the
calculated performance relationships of the traction motors.
Such operations are described in greater detail below with
respect to the method 500.

The planning module 284 is configured to generate an
operating plan for controlling operations of the propulsion-
generating vehicle 200 or the vehicle system that includes the
propulsion-generating vehicle 200. For example, in response
to determining that one or more the traction motors is an
unsuitable type of motor or are not like other traction motors,
the planning module 284 may modify a currently-imple-
mented or existing operating plan. The operating plan may be
configured to improve the performance of the propulsion-
generating vehicle 200 and/or to limit the performance of the
propulsion-generating vehicle 200 to prevent damage or
reduce the likelihood of wear and damage.

The operating plan may include instructions for controlling
tractive and/or braking efforts of the vehicle. The instructions
may be expressed as a function of time and/or distance of a
trip along a route. In some embodiments, travel according to
the instructions of the operating plan may cause the vehicle to
reduce a stress on a fraction motor relative to the stress that
would be sustained by the traction motor if the operating plan
were not generated. For example, the operating plan may
instruct the vehicle to reduce the excitation frequency to a
traction motor, to intermittently drive the traction motor, or to
disable the traction motor altogether. If the motor-of-interest
is a member of a set of traction motors of a per-truck system,
the operation plan may instruct the vehicle to reduce the
excitation frequency of the set of traction motors, to intermit-
tently drive the set of traction motors, or to disable the set of
traction motors. The vehicle may be autonomously controlled
according to the operating plan or the instructions of the
operating plan may be presented to an operator of the vehicle
so that the operator can manually control the vehicle accord-
ing to the operating plan (also referred to herein as a “coach-
ing mode” of the vehicle).

The planning module 284 may be configured to use at least
one of vehicle data or route data (or a route database) to
generate the operating plan. The vehicle data may include
information on the characteristics of the vehicle. For
example, when the vehicle is a rail vehicle, the vehicle data
may include a number of rail cars, number of locomotives,
information relating to an individual locomotive or a consist
of locomotives (e.g., model or type of locomotive, weight,
power description, performance of locomotive traction trans-
mission, consumption of engine fuel as a function of output
power (or fuel efficiency), cooling characteristics), load of a
rail vehicle with effective drag coefficients, vehicle-handling
rules (e.g., tractive effort ramp rates, maximum braking effort
ramp rates), content of rail cars, lower and/or upper limits on
power (throttle) settings, etc. The vehicle data may also
include part data regarding the traction motors. For example,
if the traction motors are determined to be designated motor
types, the planning module 284 may use historical informa-
tion regarding such motor types in generating the operating
plan.

Route data may include information on the route, such as
information relating to the geography or topography of vari-
ous segments along the route (e.g., effective track grade and
curvature), speed limits for designated segments of a route,
maximu